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Shadowg raph observation on interfacial turbulence
phenomena in gas liquid mass transfer
SHA Yong, LI Zhangyun, LIN Fenfen, TU Song, XIAO Zongyuan, YE Liy i
(College of Chemistr y and Chemical Engineer ing , X iamen Univer sity , X iamen 361005, Fuj ian, China)
Abstract : In g as liquid mass t ransfer processes, interfacial turbulence may occur due to the surface
tension gradient and the density g radient pr oduced by mass t ransfer near the interface T he interfacial
turbulence can enhance the mass t ransfer since it intensifies the movement o f interfacial fluid By means of
the shadow graph optical method, the inter facial tur bulence patterns vert ical to the interface w er e observ ed
direct ly in the volatilizat ion pr ocess of binary systems T he images of the amplif ied inter facial turbulence
show ed the var iat ion of concentration and the fluid movement under the interface Tw o pat ter ns of
interfacial turbulence w ere observ ed in the experiments: plume and vortex With the plume, the
interfacial fluid moved slow ly and penetrated the liquid deeply With the vortex, the inter facial turbulence
occur red in the vicinity of the liquid interface and the f luid moves quite fast A qualitative analysis w as
carried out based on the mechanism o f Ray leigh B nard convect ion induced by density gr adient and
Marangoni convect ion induced by surface tension gradient.
Key w ords: shadow g raph; inter facial turbulence; mass t ransfer; M ar angoni convection; Rayleigh B nard
convect ion
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为 Rayleigh B nard对流, 而由界面表面张力梯度
引发的界面湍动, 称为 Marangoni对流[ 1]。
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多, 结构复杂[ 2 7] 。对于气 液界面传质导致的界面
湍动, 其光学观察多集中在研究界面平面内出现的
细胞形、六边形、滚筒形等规则或不规则形态, 通

































密封, 形成一内部空间长为 0 1 m、高为 0 2 m、










分析纯, 水为去离子水, 实验液层高度为 0 1 m;
N 2 在进入吸收盒之前先通过水罐预饱和水分, 以
排除溶液水分蒸发的干扰。
2 实验结果及讨论
2 1 10% ( mo l) 异丙醇水溶液
10% ( mol) 异丙醇的水溶液通入 N2 使异丙
醇挥发过程中, 界面处流体表面张力和密度均增
大, 因此密度梯度导致的 Ray leigh B nard对流和
表面张力梯度导致的 Marangoni 对流, 均可导致
界面湍动的发生。不同时间界面下涡流湍动的投影








F ig 2 Vo rtex patterns under g as liquid interface
借助于直径约 4  10- 5 m 空心玻璃微珠为示踪
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图 3 小涡流结构融合过程
Fig 3 Merging betw een t wo small v or texes
两个小涡流结构在不同时间下相互作用、融合成一







2 2 10% ( mol) 丙酮水溶液
10% ( mo l) 丙酮的水溶液通入 N 2 使丙酮挥
发的过程, 界面处流体表面张力和密度均增大, 因
此密度梯度导致的 Rayleigh B nard 对流和表面张
力梯度导致的 Marangoni对流, 均可导致界面湍
动的发生。丙酮挥发开始后, 对比于初始状态 [图
4 ( a) ] , 10 s后界面区域粗黑条纹整体向下发展约
5  10- 4m [图 4 ( b) ] , 然后界面区域逐渐出现多
个向下发展的羽状对流结构, 多个羽状对流结构相
互作用、融合 [图 4 ( c) ] , 逐渐向液相主体深入
发展, 最终可到达容器底部 [图 4 ( d) ]。
图 4 气液界面下羽状结构






考虑到羽状对流结构是 Ray leigh B nard对流
的特征形式, 因此丙酮在水溶液中的挥发过程出现
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